ABSTRACT A new species of Trichogramma (Hymenoptera: Trichogrammatidae) from Hokkaido that is uniquely univoltine and apparently host speciÞc on the lepidopterous pest Ivela auripes (Butler) (Lepidoptera: Lymantriidae) is described and its biology is reviewed.
Species Descriptions. Species descriptions follow the anatomical terminology, morphological measurements, and ratios (relative dimensions) used in Pinto (1999) . Linear measurements were reported with means Ϯ 1 SD measured to the nearest 0.01 mm. Ratios using anatomical measurements were reported with means Ϯ 1 SD. Descriptions were based on specimens mounted in Canada balsam on glass slides by using the methods of Platner et al. (1999) . Measurements were taken with an optical micrometer installed within a compound microscope. Type specimens have been deposited at the Entomological Laboratory, Faculty of Agriculture, Kyushu University (ELKU).
Specimens also were prepared for scanning electron microscopy (SEM) to obtain micrographs to aid in species identiÞcation; however, some distortion of the capsules may occur during Þxation. We therefore modiÞed SEM preparation based on personal communications with Gary R. Platner (University of California, Riverside, CA). As with the procedures for slide mounts, dry male Trichogramma were placed in 10% KOH over a 40ЊC slide warmer for at least 1 h. After clearing, the genital capsules were partially dissected from the abdomen such that the genital capsule remained attached to the body by a small amount of cuticle. Wasps were then transferred into a 5% solution of bleach for 2 min and then transferred into deionized water for at least 1 min. Specimens were then placed into a ceramic depression plate with 10 ml of 10% ethanol and one drop of Triton X-100 on a slide warmer at 40ЊC for at least 1Ð2 h. The specimens were then transferred sequentially through the following ethanol series : 20, 40, 60, 80, 95, and 100% . Wasps were left in each concentration for at least 45Ð 60 min (not exceeding 60 min in 95 or 100% ethanol). While in the 100% ethanol, the genital capsules were completely severed from the body, and extraneous abdominal tissue was removed using Þne forceps and a probe. With a 2-bristle paintbrush, the capsules were placed in a small watch glass with a few drops of hexamethyldisilazane (HMDS) under a fume hood. The HMDS was allowed to evaporate completely. With the aid of a very Þne probe and a dissecting microscope (up to 200ϫ), the genital capsules were then carefully placed on a carbon conductive tab afÞxed to a SEM stub. The specimens were then sputter coated with gold-palladium using a Hummer II sputter coater (Technics, Inc., Alexandria, VA) to a depth of 250 Ð300 Å. Images were captured with a Philips XL 40 SEM at the Microscopy and Graphic Imagining Center Laboratory facility (California State University at Hayward, Hayward, CA). MagniÞcation and acceleration voltage (10 kV) used was printed on the photographs. DNA Extraction, Polymerase Chain Reaction (PCR), DNA Cloning, and Sequencing. The ITS-2 region was analyzed for taxonomic study. DNA extraction, PCR, cloning, and sequencing techniques were performed as described by Silva et al. (1999) . Male. Color of head and mesosoma light yellow, delicately suffused with brown. Forewing. (n ϭ 8) 0.18 Ϯ 0.04 mm in width; forewing width/forewing length ϭ 0.50 Ϯ 0.08; six to nine setae between fourth and Þfth tracks; longest fringe setae 0.19 Ϯ 0.05 forewing width. Hind wing with zero to four and zero to three setae in anterior and posterior track, respectively, the latter attaining 0.30 Ϯ 0.02 distance from the hamuli to wing apex. Scutellum with anterior pair of setae long, equal in length to posterior pair.
Trichogramma kurosuae
Flagellum (n ϭ 10). Elongate, very slightly curved, 0.14 Ϯ 0.04 mm, clearly longer than scape, ßagellum length/ßagellum width ϭ 5.6 Ϯ 0.8, ßagellum length/ hind tibia length ϭ 0.9 Ϯ 0.3 (nϭ 11) Þliform setae tapers abruptly at apex, ßagelliform setae length/ ßagellum width ϭ 2.3 Ϯ 0.4; unsocketed setae present on base of club; terminal placoid sensilla extends 0.3 beyond apex of ßagellum; basiconic peg sensilla on ßagellum formula ϭ 1(2)-1-1-1 (2)-1-1. This formula is based on the number of basiconic sensilla that can occur at six positions (base to apex) along the ßagel-lum and may number from zero to two per position. IntraspeciÞc variation is indicated by numbers in parentheses.
Genital capsule (n ϭ 10). Widest at the middle of capsule, 0.38 Ϯ 0.02 as wide as long; sides gradually convergent from widest aspect, slightly constricted at base of intervolsellar process, parameres straight and acuminate, very slightly convergent at apex; apical distance (ϭdistance from the base of the intervolsellar process to the apex of the parameres)/genital capsule length ϭ 0.24 Ϯ 0.01; apical width/genital capsule width ϭ 0.53 Ϯ 0.12; dorsal aperature length/genital capsule length ϭ 0.65 Ϯ 0.06; dorsal ridge weakly apparent. Dorsal lamina originating from posterior half, slightly notched at base, forming a very broad linguiform posterior extension; width of extension at intervolsellar process level Ϸ1.2ϫ greater than that of aedeagus, but slightly less than apical width. Dorsal lamina 1.7 Ϯ 0.44 as long as wide, its length from apex of dorsal aperture ϭ 1.2 Ϯ 0.33 apical distance; volsellae curved with some medial sclerotization, occupying 0.45 Ϯ 0.01 apical distance; volsellae spines ovoid, some sclerotization on median surface of volsellae, parallel to apex of intervolsellar process. intervolsellar process short, generally broad, subtriangular, less than half the length of volsellae, occupying only 0.21 Ϯ 0.03 of apical distance; ventral ridge extends from base of intervolsellar process to 0.26 basal distance. Ventral processes small, papilliform, positioned anterior to base of intervolsellar process, lateral to ventral ridge. Aedeagus 0.92 Ϯ 0.07 length of genital capsule length. Aedeagus length/hind tibia length 0.88 Ϯ 0.09; apodemes Ϸ0.59 Ϯ 0.09 aedeagus length.
Female. Color uniformly yellow. Funicle (n ϭ 1) of antennae with a single basiconic peg sensillum on F1 and F2. Ovipositor long, ovipositor length/hind tiba length ϭ 1.4.
Material Examined. JAPAN: Sapporo: 1 male, 1 female, Teine, 15-VII-1980, U. Kurosu, 2 males, Teine, 27-VII-1979, T. Sunose (ELKU). Type material (see below).
Type Material. HOLOTYPE: 1 male, Nishino, Sapporo, JAPAN, 10-VII-1997, ex eggs of Ivela auripes, U. Kurosu. ALLOTYPE: 1 female, same data. PARA-TYPES: 10 males, same data as holotype.
Distribution. Known only in Hokkaido, Japan. Etymology. Named after U. Kurosu who Þrst collected specimens of this new species.
ITS-2 DNA Sequence. The 654-bp T. kurosuae sequence has been deposited in the National Center for Biotechnology Information (NCBI) Database (accession no. AY518692). This sequence was aligned with other Trichogramma sequences found in the database to compare and determine any possible matches for other Trichogramma species catalogued, including the following Japanese species: Trichogramma chilonis Ishii (413 bp), Trichogramma dendrolimi Matsumura (406 bp), Trichogramma papilionis Nagarkatti (438 bp), and Trichogramma japonicum Ashmead (528 bp) (J.Y.H., unpublished data). Pairwise sequence alignments with the above-mentioned species were highly divergent with T. kurosuae, and there were few regions that could be aligned adequately as these species were much smaller in size than T. kurosuae. Two more closely related species to T. kurosuae, Trichogramma atopovirilia Oatman & Platneri (NCBI accession no. AY182759), and Trichogramma lingulatum Pang & Chen (NCBI accession no. AY244466) also were compared. The 561-bp T. atopovirilia sequence was found to be only 49% similar to T. kurosuae, whereas the 685-bp T. lingulatum sequence was 62% similar to T. kurosuae. Both sequences exhibited long stretches of repeat units that were unique to each species; however, they also shared long stretches of base pairs, particularly in the beginning and middle portions of the sequence.
Biology. We cannot be certain that the species used in the Schaefer (1983) study is T. kurosuae because we were unable to obtain any voucher specimens; however, T. kurosuae was collected from the same host and type locality as KurosuÕs later studies. We examined material submitted to us from the Kurosu (1985) study and positively matched it to the material she later sent, which was used for the species description.
I. auripes is capable of periodical defoliation of Cornus controversa Hemsl. (Cornacae) in Hokkaido, Japan (Schaefer 1983) . A univoltine species, I. auripes eggs overwinter on host tree trunks and hatch in May. Adults are on the wing by late June through mid-July. Females lay their egg masses of Ϸ50 eggs under a thin cover of material, possibly collected off the trees by ovipositing females. This covering may partially limit parasitism, because Schaefer (1983) found that significantly more eggs on the perimeter of the egg mass were parasitized than those eggs found in the middle of the mass. He concluded that the material deposited by ovipositing moths probably was not distributed evenly over the egg mass such that perimeter eggs were exposed and exploited by T. kurosuae. Interestingly, the gypsy moth, Lymantria dispar (L.), also is found in association with Cornus sp., and whereas T. kurosuae will attempt to oviposit on gypsy moth egg masses, no successful parasitism has been recorded. This Þnding may be due to T. kurosuaeÕs ovipositor being too short (see species description) to penetrate the thicker egg mass covering of gypsy moth. T. kurosuaeÕs phenology is as follows. After parasitism, T. kurosuae larvae consume the host over a 3-d period after which they overwinter in the host egg until the following June. Pupation begins in late June and adults emerge through July (Kurosu 1985) . Both Kurosu (1985) and Schaefer (1983) state that T. kurosuae is highly synchronized with its host because adult parasitoids usually do not emerge until just before I. auripes oviposition begins. That T. kurosuae is univoltine is interesting because we are not aware of any other univoltine Trichogramma species in the literature. Parasitoid clutch sizes and sex ratios were very similar for both studies. Host eggs contained 8.87 Ϯ 1.49 wasps and an 85% female-biased sex ratio and 8.86 Ϯ 1.36 and a 95% female-biased sex ration for Kurosu (1985) and Schaefer (1983) , respectively. On average, 30.5% of eggs within individual egg masses were parasitized in the Þeld, whereas 92% of the 173 egg masses collected were parasitized (Schaefer 1983 ).
Discussion
We found that morphology and DNA sequences of T. kurosuae and other Trichogramma species were relatively congruent. We were unable to align the T. kurosuae sequences with the sequences for any of the other Japanese species for which data are available. T. kurosuae also does not resemble any of the other Japanese species morphologically. This Þnding is not surprising, because none of the comparable Japanese species belong to the Drepanophorum group. A low degree of similarity in ITS-2 sequences with the Central American T. atopovirilia also is not surprising, because T. kurosuae and T. atopovirilia are geographically isolated from one another and are very distinct morphologically. Finally, we observed a fairly high degree of morphological and molecular similarity between T. kurosuae and T. lingulatum. These species overlap geographically, because T. lingulatum occurs in Japan as well as China (Pang and Chen 1974; J.Y.H., unpublished data) . There are, however, differences in DNA sequence, and male T. kurosuae can be easily distinguished from T. lingulatum (and North American T. obscurum) based on the dorsal lamina, which is obviously notched on the anterior end in T. kurosuae but not in the other species. These differences clearly indicate that T. kurosuae and T. lingulatum are distinct species in Japan.
